Background: Carcinoma of unknown primary (CUP) is a clinical presentation with a poor prognosis. Inflammation-based prognostic systems are stage-independent prognostic predictors in various malignancies. We aimed to assess the accuracy of the modified Glasgow Prognostic Score (mGPS), neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte ratio (PLR) as objective prognostic models in CUP.
Despite advancements in the diagnosis of cancer, in up to 5% of patients with a histologically confirmed diagnosis of metastatic malignancy, the primary site cannot be identified despite adequate pre-treatment investigation (Pavlidis and Fizazi, 2009 ). Carcinoma of unknown primary (CUP) includes a heterogeneous population of patients, many of whom will present with a short history of symptoms associated with the presence of metastatic disease (Mayordomo et al, 1993) . The natural history of the majority of CUP cases is invariably characterised by an aggressive clinical course with median survival times rarely exceeding 6 months from diagnosis . The role of systemic treatment is particularly controversial in CUP as no specific chemotherapy regimen-whether taxane, platinum or anthracycline based -has been proven to extend patients' survival (Golfinopoulos et al, 2009 ).
Moreover, the significant side-effect profile resulting from the combination of multiple cytotoxic agents may reduce the intended benefits of treatment such that a significant number of patients will experience toxicity without any clinical benefit. As the main goal of chemotherapy in this population is essentially palliation, patient selection is important.
Although discrete clinical phenotypes with limited stage nodal disease or neuroendocrine differentiation may exhibit better response to treatment and favourable survival outcomes, 80% of patients cluster into a heterogeneous 'poor prognostic' group for which a unifying staging system does not exist (Pavlidis, 2012) .
In addition, there is a lack of validated prognostic biomarkers in CUP hampering guidance on treatment allocation and estimation of survival benefit from treatment. A number of clinical and laboratory parameters have been considered for their prognostic significance in CUP. Previous work from Penel et al (2009) suggests that the performance status (PS), LDH, albumin and number of metastatic sites are useful predictors of mortality. In more recent literature, analysis of 311 CUP patients reinforced the prognostic value of PS, clinicopathologic subgroup, as well as a role for leukocytosis as independent negative prognostic indicators which were utilised to form a prognostic algorithm (Petrakis et al, 2013) .
The Eastern Cooperative Oncology Group PS is widely used as a semi-quantitative scale reflecting the symptom burden of patients with cancer, with implications in terms of treatment allocation (Oken et al, 1982) . However, PS is a subjective measure and therefore potentially open to variance and bias, with only moderate concordance observed between oncologists and patients (Blagden et al, 2003) . There is therefore, a clear need for a more accurate, reliable prognostic score for patients with CUP that can be utilised in routine clinical practice.
The association between weight loss, poor PS, disease progression and poor prognosis in malignancy is well documented (Fearon et al, 2006) . There is a considerable body of evidence to suggest that this negative spiral is driven by tumour-related systemic inflammation, resulting in a release of pro-inflammatory cytokines such as IL-1b, IL-6 and TNFa (Esper and Harb, 2005) . Understanding the role of systemic inflammation in cancer pathogenesis has been a key in the development of novel and more objective prognostic markers. The modified Glasgow Prognostic Score (mGPS), which incorporates C-reactive protein (CRP) and serum albumin, has been validated in multiple tumour types including gastrointestinal, lung and renal as negative prognostic marker. The extent of research into the prognostic value of mGPS is best summarised in a recent literature review of the topic (McMillan, 2013) . In addition, the neutrophil-lymphocyte ratio (NLR) and the platelet-lymphocyte ratio (PLR) have been shown to correlate with the survival (Walsh et al, 2005; Guthrie et al, 2013) .
The aims of the current study were to assess the clinical utility of inflammation-based scores (GPS, NLR and PLR) in two independent cohorts of patients diagnosed with CUP and to compare their accuracy with that of established prognostic markers including PS.
MATERIALS AND METHODS
Sixty consecutive patients with a diagnosis of CUP who attended the Oncology Department, Hammersmith Hospital between 1996 and 2011, were used to represent a training data set. The diagnosis of CUP fulfilled the criteria of the European Society of Medical Oncology clinical practice guidelines (Fizazi et al, 2011) . All clinical variables were determined at the time of referral to the unit. The mGPS was calculated as described previously (McMillan, 2008) . Briefly, patients with both a normal albumin (435 g l À 1 ) and CRP (o10 mg dl À 1 ) were allocated a score of 0. Patients in whom only one of these abnormalities was present were allocated a score of 1, whereas those with both abnormal CRP and albumin were given a score of 2. The NLR was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count. The NLRX5 was considered elevated as previously described. The same calculation was applied to derive the PLR, with 300 being the cutoff for positivity, in accordance with the previously published literature (Walsh et al, 2005; Smith et al, 2009 ). In addition, we evaluated the significance of the tested prognostic models by means of an independent validation set in a separate cohort of 179 patients with similar characteristics from the Division of Haematology and Oncology at the Taipei Veterans Hospital (Taiwan) (Chen et al, 2012) . The study was approved by the local Research Ethics Committee at both sites.
Statistical analysis. Pearson w
2 -square test and analysis of variance were used to determine any associations between the variables. Univariate analysis was performed to test the parameters for potential survival benefit using Kaplan-Meier statistics and Log rank testing. Multivariate analysis was performed to delineate any independent variables. A Cox regression analysis with stepwise backward procedure was used to calculate hazard ratios (HRs). Variables with a P value of greater than 0.05 were excluded. The concordance index (c index) was used to rank the prognostic indices in order of best discriminator of patient outcome. The Frank Harrell RMS packages were used to identify a subgroup of predictors by backward elimination. We validated the C statistic by a similar bootstrap procedure using re-sampled data, using 150 iterations (Harrell, 2010) . A combined score was derived using logistic regression and predicted probabilities. ROC analysis was subsequently undertaken to derive a resulting C statistic. All statistical analysis was conducted using SPSS statistical package 11.5 (SPSS Inc., Chicago, IL, USA).
RESULTS

Demographics.
The clinico-pathologic features of the training set are demonstrated in Table 1 . The median age of the patients at baseline was 61 years (range 33-86). A significant proportion of patients had more than one site of metastatic disease (47%), the commonest site being the liver (45%). Almost all of the patients received at least one line of chemotherapy (93%). At the time of analysis, 56 patients had died with an overall median survival of 5.9 months (range 0.7-42.9). Four patients under active surveillance had a median follow-up time of 10.2 months (range 3.8-29.9).
Relationship between Inflammatory scores and patient characteristics. In the training set, a deranged albumin and CRP was present in 57% and 38% of the patients, respectively. An abnormal mGPS (40) was present in 55% of the patients. A minority of patients had a PLRX300 (23%) or an NLRX5 (42%). The relationship between the inflammatory scores and clinicopathological features of the studied patient cohort are summarised in Table 2 .
Impact of inflammatory scores as predictors of survival. On univariate analysis, significant predictors of overall survival (OS) were NLR (P ¼ 0.04), mGPS (P ¼ 0.03) and PS (Po0.001) (Table 3) (Figures 1-3) . No association was observed between PLR and survival. Patients with an NLRX5 had a median survival of 4 months compared with 8.3 months in patients with an NLR o5. Patients with a mGPS of 0 had median survival of 13.9 months, compared with 5.6 months of mGPS 1 and 3.8 months of mGPS 2. In terms of PS, patients with a PS p2 has a median survival of 12 months, whereas those with a PS 43 had a median survival of 5 months.
Multivariate analysis identified both mGPS (HR 1.53 95% CI 1.03-2.25, P ¼ 0.03) and NLR (HR 2.01 95% CI 1-4.09, P ¼ 0.04) as significant independent predictors of OS in CUP.
Validation of prognostic models. The NLR and GPS were further assessed for their prognostic power and discriminative ability in an independent and larger validation set. No significant differences were observed on comparison of patients' clinico-pathological features across the two study population (Table 1) . Both the NLR (median survival 11.1 vs 3.5 months; Po0.01) and mGPS (median survival 7.7 vs 3.0 vs 1.8 months for mGPS 0, 1 and 2, respectively; P o0.01) remained significant predictors of OS on univariate analysis, mGPS HR 2.16 (95% CI 1.52-3.08); Po0.01 and NLR HR 2.46 (95% CI 1.66-3.66); Po0.01. A combined prognostic score using both NLR and mGPS was then derived using logistic regression to determine the predicted probability of death. A model for predicted probability of death was determined to be calculated by the equation 1/(1 þ exp( À f)), where f ¼ À 0.3357 þ (06043* mGPS) þ (0.6147*NLR). Subsequent ROC analysis resulted in a C statistic of 0.65 (95% CI 0.55-0.75).
In addition, 66% of the validation population received palliative chemotherapy. Regimes were predominantly cisplatin-based (75.4%), with 43% receiving additional 5-fluorouracil (5-FU) and 11% being taxane based. The treated cohort were significantly younger (mean age 65.5 vs 74.4 years, Po0.01) and had a better PS (Po0.01). The results suggest a survival benefit in those patients who received palliative chemotherapy compared with those who did not (9.2 months vs 1.6 months Po0.01). In addition to this, evaluation of mGPS (median survival mGPS 0; 23.3 vs 4.6 months, mGPS 1; 12.8 vs 2.1 months and mGPS 2; 2.9 vs 0.4 months Po0.01) and NLR (median survival NLR o5 10.2 vs 7 months and NLR 45 21.2 vs 3.5 months Po0.01) correlates with improved prognosis in the treated group (Table 4) .
DISCUSSION
In this study, we have validated the use of inflammation-based prognostic scores in CUP. In particular, we have shown mGPS and NLR to be independent predictors of survival in both a training and independent validation set. These values are derived from routinely measured parameters and the results are consistent with previous studies identifying inflammation-based prognostic indices as predictors of outcome in a wide range of malignancies (Forrest et al, 2004; Walsh et al, 2005; Ramsey et al, 2007; Crumley et al, 2008; Smith et al, 2009; Proctor et al, 2011) . More recently, Petrakis et al (2013) described a prognostic algorithm constructed from independent markers of poor prognosis in patients with a diagnosis of CUP. The authors identified leukocytosis as an independent negative prognostic factor, supporting our findings. However, the validation of the subsequent algorithm was not carried out in an independent data set.
In univariate analysis, we have shown that PS is a predictor of OS in CUP, as per previously published studies; however, this was not borne out on multivariate analysis (Seve et al, 2006b; Trivanovic et al, 2009; Kodaira et al, 2010; Chen et al, 2012) . Although PS is a commonly used tool in clinical assessment of patients undergoing therapy, it is subjective and is vulnerable to bias, with oncologists being comparatively optimistic in their assessment (Ando et al, 2001 ). Moreover, we show that inflammation-based scores are significant predictors of outcome across both treated and untreated patients, suggesting their ability to predict prognosis in patients who were deemed fit to receive chemotherapy as well as in those where only best supportive care was felt appropriate. Thus, the introduction of mGPS and NLR may promote an impartial clinical decision-making that will have a direct impact on patient care both in the active treatment and in the palliation setting. In particular, we have derived a model that combines two inflammation-based parameters that results in further prognostic accuracy. These scores are readily applicable to daily clinical practice using routine blood parameters.
Previous work has suggested that the patients with a diagnosis of CUP should be categorised into favourable and unfavourable groups prior to considering therapy. PSX2, hypoalbuminaemia, hypercalcaemia, raised LDH and number of metastatic sites have all been shown to be poor prognostic factors (Seve et al, 2006a,b; Trivanovic et al, 2009; Kodaira et al, 2010; Chen et al, 2012) . Although our study has demonstrated a negative trend with some of these factors no statistical significant associations with OS were observed. Variations between our results and those previously published maybe explained by the renown heterogeneity of CUP which may explain the variability in assessing prognostic traits. There is limited published literature to suggest the role of tumour markers as a prognostic marker in CUP (Milovic et al, 2002) . However, in future studies it may be of interest to further evaluate the interplay between tumour marker burden and inflammatory scores. The relatively small sample size of the training set and the retrospective nature of our study should be acknowledged as potential limitations. In addition, although there is a postulated pathological inflammatory mechanism in carcinogenesis that forms the basis of both the NLR and mGPS, it must be recognised that infection and concomitant therapy with corticosteroids are also common causes for a measurable inflammatory response which may alter the prognostic utility of these parameters. Nonetheless, the number of deaths on which our survival analysis was powered, in conjunction with the process of external validation in a larger and independent case series leaves little doubt regarding the utility of mGPS and NLR as predictors of survival in patients with CUP.
Although the number of studies supporting the clinical use of inflammation-based prognostic models is increasing, including a study of 25 000 patients showing the stage and histotypeindependence of the prognostic information produced by inflammatory scores in solid tumours, the molecular mechanisms sustaining cancer-related inflammation remains poorly understood (Ramsey et al, 2007; Sharma et al, 2008; Proctor et al, 2011) . It has been postulated that tumour hypoxia and necrosis triggers a variety of host responses. These include an alteration in the metabolic, haematopoietic and neuroendocrine environment including inflammatory cytokines and haematopoietic growth factors. Numerous cytokines have been implicated in the pro-inflammatory response associated with malignancy but no one cytokine has been found to be pathogenic and it is likely that a complex interplay of cytokines drive the inflammatory process. For example, a recent study in patients with advanced colorectal cancer failed to show any correlation between NLR and circulating levels of IL-6 or TNF-a suggesting that further research is required in this area in order to define the possible cytokine relationship with carcinogenesis, especially as this may yield a therapeutic strategy to modulate the inflammatory response (Chua et al, 2012) .
The NLR is associated with a derangement in CRP, corresponding to a pathological inflammatory state in cancer (Chua et al, 2012) . A neutrophilic environment, which corresponds to a deranged NLR, results in infiltration of tumour cells and is responsible for the transformation to a metastatic phenotype (Tazawa et al, 2003) . This maybe a result of protease-mediated extracellular digestion of the tumour basement membrane (Engbring and Kleinman, 2003) . This degradation leads to the release of growth factors and other pro-mitotic cytokines. Thus, derangement of the NLR reflects a pro-inflammatory milieu which may contribute to a poor prognosis.
Hypoalbuminaemia is a recognised poor prognostic factor in CUP and represents a state of progressive malnutrition. The inflammatory response is a critical driver of cancer-related cachexia, where a hyper-catabolic state results in increased toxicity and reduced tolerance of chemotherapy (Esper and Harb, 2005) .
In summary, the present study supports the prognostic utility of systemic inflammation-based scores in CUP. The mGPS and NLR are easily deducible, universally available and inexpensive prognosticators that can be routinely used in clinical practice and are both a more objective measure of patients' prognosis when compared with PS. Thus, measurement of systemic inflammation should be considered in the routine assessment of patients with CUP.
